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Introduction {#j_raon-2019-0040_s_001}
============

Gastroenteropancreatic neuroendocrine tumours (GEP-NETs) are a heterogeneous group of tumours, arising from neuroendocrine cells present in the gastrointestinal tract and into the islets of Langerhans of the pancreas.[@j_raon-2019-0040_ref_001] Thanks to their capability to synthesize and secrete peptides and hormones, these tumours can cause clinical syndromes, although more often may be asymptomatic and discovered as an incidental finding.[@j_raon-2019-0040_ref_002] Functioning tumours usually reveal themselves relatively early, so it might be difficult for the radiologist to localize the lesions since they are often too small to be detected. Non-functioning tumours generally present non-specific symptoms and frequently manifest as locally advanced or metastatic desease. The neuroendocrine tumour of the gastroenterict tract can cause vague abdominal symptoms and may be diagnosed as an irritable bowel syndrome (IBS).[@j_raon-2019-0040_ref_003] Between 60% and 90% of GEP-NETs of pancreas (p-NETs) are non-functioning tumors, so they can be diagnosed at advanced stages because of their relatively indolent nature and slow growth.[@j_raon-2019-0040_ref_004] The diagnosis of functional (F)-p-NETs is clinical with laboratory test that should confirm the hypothesis. An effective diagnosis of NET requires a multimodal approach that combines evaluation of clinical symptoms, hormone levels, radiological and nuclear imaging, and histological confirmation.[@j_raon-2019-0040_ref_003] Imaging plays a critical and indispensable role in NETs diagnosis, prognosis and management; therefore radiologists are important members of the multidisciplinary NET team.[@j_raon-2019-0040_ref_005] Two critical issues are present in diagnostic work-up of NETs: firstly the need to identify tumor presence and secondly to define the primary site and assess regional and distant metastases.[@j_raon-2019-0040_ref_006] In fact, primary site, stage, grade and functionality are prognostic factors that the radiologist should assess in order toguide prognosis and management.[@j_raon-2019-0040_ref_006], [@j_raon-2019-0040_ref_007] Although imaging itself is not able to discriminate between a functioning and a non-functioning NET, the imaging identification of a large tumor burden in a patient without specific symptoms strongly suggests a non-functional tumor ([Figure 1](#j_raon-2019-0040_fig_001){ref-type="fig"}). Functional imaging can also suggest tumor grade.[@j_raon-2019-0040_ref_007] The most appropriate imaging technique depends on the type of neuroendocrine tumour and the availability of specialized imaging techniques and expertise.[@j_raon-2019-0040_ref_008]

![A 45 yrs old female: CEUS study of inhomogeneous pancreatic lesion **(A)**, with necrotic central area (arrow). CT **(B)**, during late arterial phase of contrast study shows the same vascular profile (arrow) seeing during CEUS study.](raon-53-373-g001){#j_raon-2019-0040_fig_001}

Anatomical and functional imaging {#j_raon-2019-0040_s_001_s_001}
---------------------------------

Imaging modalities can be anatomic, which assess the physical characteristics of the tissue, or functional, which assess the biochemical characteristics.[@j_raon-2019-0040_ref_007] The increase of knowledge about these tumours andNETs' characteristic of expressing somatostatin receptors (SSTRs) make them target of specific therapy (target therapy) and functional imaging. Currently, five main subtypes of SSTR have been identified (SSTR-1, SSTR-2A and SSTR-2B, SSTR-3, SSTR-4, and SSTR-5). SSTR-2 is the predominantly expressed one. The expression of SSTR is especially high in well-differentiated NETs compared to poorly differentiated ones.[@j_raon-2019-0040_ref_009], [@j_raon-2019-0040_ref_010] In this scenario, molecular imaging techniques, with the ability to acquire informations on the SSR expression, have a pivotal role in diagnosis, staging, treatment selection and follow-up of NETs.[@j_raon-2019-0040_ref_011] However, the technique should always be complemented with computed tomography (CT) or magnetic resonance imaging (MRI), inasmuch as these tecniques allow the exact identification of the tumor site, vascular and or biliary involvement and detection of metastatic disease, all parameters that impact on surgical planning and prediction of the response to treatment.[@j_raon-2019-0040_ref_011], [@j_raon-2019-0040_ref_012]

The European Neuroendocrine Tumor Society (ENETS) has proposed a tumor--node--metastasis staging and grading system for various types of GEP-NETs.[@j_raon-2019-0040_ref_004],[@j_raon-2019-0040_ref_005],[@j_raon-2019-0040_ref_013], [@j_raon-2019-0040_ref_014], [@j_raon-2019-0040_ref_015], [@j_raon-2019-0040_ref_016], [@j_raon-2019-0040_ref_017], [@j_raon-2019-0040_ref_018], [@j_raon-2019-0040_ref_019] Preoperative staging should include, whenever possible, somatostatin receptor scintigraphy (SSRS).[@j_raon-2019-0040_ref_011] Although SSRS is highly efficient for whole-body imaging, detection of lesions is difficult in organs with intense physiologic uptake, with low receptors' density, or small size. 68Ga-DOTATATE PET/CT is more efficient than SSRS to evaluate small NET lesions, also considering that the affinity of 68Ga-DOTATATE to bind somatostatin receptor 2 is higher than 111In-octreotide's one.[@j_raon-2019-0040_ref_020] However, the higher costs and the 68Ga generators limitated availability to specialized centers, due to the short half-life of 68Ga that requires in-house labelling of the tracer, still remain impediments to its routine use in clinical care.[@j_raon-2019-0040_ref_021] MRI of the liver is complementary to 68Ga-DOTATATE PET/CT and is highly recommended before any liver surgery and for monitoring liver metastases ([Figure 2](#j_raon-2019-0040_fig_002){ref-type="fig"}).[@j_raon-2019-0040_ref_011]

![A 64 yrs old male with pancreatic NET. Liver metastases in IV, II and III segment, with a "target" appearance (arrow) during hepatobiliary phase of EOB-MR study **(A)** and restricted diffusion (arrow) on b800 s/mm^2^**(B)**.](raon-53-373-g002){#j_raon-2019-0040_fig_002}

The optimization of imaging techniques {#j_raon-2019-0040_s_001_s_002}
--------------------------------------

The optimization of techniques is mandatory to assess GEP-NETs patients. CT is a widely available technique with high spatial and temporal resolution. Therefore, it represents the most common initial tool to assess suspected abdominal lesions. Contrast-enhanced CT protocols are mandatory for NET imaging. To achieve a good separation of the contrast phases, short scan times and high flow rates of the contrast agent (above 3 ml/s) should be used. Scans before contrast (calcifications), in the arterial phase (typical NET enhancement) and the portal phase should be carried out. Correct timing of the arterial phase is crucial for successful NET imaging. As GEP-NETs and their metastases are often hypervascular, they are easily detected in the early arterial phase of contrast study protocol ([Figure 3](#j_raon-2019-0040_fig_003){ref-type="fig"}).[@j_raon-2019-0040_ref_021] For small-bowel tumors, CT enterography or enteroclysis can be performed.[@j_raon-2019-0040_ref_023] The performance of CT is related to the study protocol, as well as the lesion size, location, and contrast with the surrounding tissue.[@j_raon-2019-0040_ref_024],[@j_raon-2019-0040_ref_025] MR imaging offers higher intrinsic soft-tissue contrast[@j_raon-2019-0040_ref_022]; moreover, recent advances in the hardware and software have also improved the spatial resolution and acquisition time for each sequence, resulting in shorter breath holds. Furthermore, MR imaging does not use ionizing radiation. Thanks to its capability to provide functional data by diffusion weighted imaging (DWI) and dynamic contrast-enhanced (DCE) imaging, MRI is a valuable tool in oncologic patient as perfusion dual energy CT.[@j_raon-2019-0040_ref_026], [@j_raon-2019-0040_ref_027], [@j_raon-2019-0040_ref_028], [@j_raon-2019-0040_ref_029], [@j_raon-2019-0040_ref_030] However,

![A 52 yrs old female with pancreatic NET. Liver metastases show hypervascular appearance (arrow) during arterial phase of contrast study on CT **(A, B)**.](raon-53-373-g003){#j_raon-2019-0040_fig_003}

MR imaging is less readily available, is more expensive, and often requires more time and patient cooperation.[@j_raon-2019-0040_ref_022] MR abdominal acquisition protocols for NET imaging should include T1-weigthed and T2-weighted sequences and multiphase contrast enhancement studies, including unenhanced, arterial, venous and delayed phases Nowadays, the inclusion of DWI for the upper abdomen seems to be indispensable.[@j_raon-2019-0040_ref_022] DWI is a relatively mature noninvasive imaging modality that could display functional information without contrast media.[@j_raon-2019-0040_ref_022] DWI signal depends on the water mobility that reflects indirectly tissue biological characteristics. DWI has been applied to liver imaging as an excellent tool for detection and characterization of lesions, increasing clinical confidence and decreasing false positives.[@j_raon-2019-0040_ref_022] Oncology is one of the main fields of application of DWI.[@j_raon-2019-0040_ref_022] Water mobility is restricted in malignant tissue due to the increase of cellular density. Diffusion is quantified by ADC diffusion coeficient. The ADC map is the graphical representation of the ratio of DW signal intensities and its measurements may discriminate between benign and malignant lesions. The ADC measurements are related to the sequence acquisition protocol and suffer from a lack of reproducibility, especially in respiratory triggering techniques.[@j_raon-2019-0040_ref_022] The main technical limits of MR imaging are costs, lack of availability and long examination time.[@j_raon-2019-0040_ref_012]

Detection and localization of the primary tumour {#j_raon-2019-0040_s_001_s_003}
------------------------------------------------

### Gastroduodenal neuroendocrine neoplasms {#j_raon-2019-0040_s_001_s_003_s_001}

According to Delle Fave *et al*., gastric neuroendocrine neoplasms (g-NENs) represent the most frequent digestive NENs and are increasingly recognized due to expanding indications of upper gastrointestinal endoscopy.[@j_raon-2019-0040_ref_014] G-NENs may be divided into three types : type 1 and 2 are ECLomas, due to chronic hypergastrinemia, respectively associated with chronic atrophic gastritis (CAG) and Zollinger-Ellison's syndrome; type 3 g-NENs are rare and sporadic tumors not consequent to underlying gastric mucosal abnormality, the latter are mostly single large lesions with high metastatic potential and with high grade (often G3 NEC).[@j_raon-2019-0040_ref_014] Duodenal neuroendocrine neoplasms (d-NENs) may be sporadic or associated with multiple endocrine neoplasia type 1 (MEN-1) and may present with a functional syndrome.[@j_raon-2019-0040_ref_014] Gastroscopy and endoscopic US (EUS) are essential to localize the primary lesion and usually sufficient in small Type I and II g-NENs. Furthermore, the invasiveness of the gastric wall can be assessed with a EUS.[@j_raon-2019-0040_ref_031] In gastric tumours larger than 1 cm and duodenal NETs, EUS is used to detect invasion and regional lymph node metastases.[@j_raon-2019-0040_ref_032] For invasive gastric NETs, all Type III tumours and duodenal NETs staging is performed by CT and MRI.[@j_raon-2019-0040_ref_014]

Ileal NETs {#j_raon-2019-0040_s_001_s_004}
----------

Ileal NETs are usually sporadic and multiple in 26%--30% of cases.[@j_raon-2019-0040_ref_033] At the time of diagnosis hepatic metastases are already present in 20% of cases.[@j_raon-2019-0040_ref_034], [@j_raon-2019-0040_ref_035], [@j_raon-2019-0040_ref_036] The lesion is indolent with non-specific symptoms (vague pain, bleeding, intermittent partial bowel obstruction). The classic carcinoid syndrome is present in 6%--30% of patients, and it is associated with hepatic metastases in more than 95% of cases.[@j_raon-2019-0040_ref_037] CT or MR scan are often the preferred imaging tests, and small-bowel distention (enterography or enteroclysis) is desirable. The lesions are small, hypervascular, polypoid; high lesions can appear as asymmetric or concentric bowel wall thickening ([Figure 4](#j_raon-2019-0040_fig_004){ref-type="fig"}).[@j_raon-2019-0040_ref_022] More often the radiologist easily detects secondary features, such as desmoplastic reaction in the mesentery and lymphadenopathy with or without calcification, these features are related

![A 41 yrs old male. CT enteroclysis examination shows lesion, in **(A)**, as small, hypervascular, polypoid (arrow) and, in **(B)**, as an asymmetric bowel wall thickening (arrow).](raon-53-373-g004){#j_raon-2019-0040_fig_004}

to the presence of the primary lesion in the neighboring small-bowel ([Figure 5](#j_raon-2019-0040_fig_005){ref-type="fig"}). Some times, the radiologists work in emergency setting with the patient affected by a bowel obstruction, intussusception or ischemia due to desmoplastic response compromising bowel lumen or mesenteric circulation.[@j_raon-2019-0040_ref_012],[@j_raon-2019-0040_ref_022],[@j_raon-2019-0040_ref_024] Some researches have shown that CT enterography and MR enteroclysis improved sensitivity (100% and 86%--94%, respectively) and specificity (96.2% and 95%-- 98%, respectively) for tumor diagnosis.[@j_raon-2019-0040_ref_023],[@j_raon-2019-0040_ref_038], [@j_raon-2019-0040_ref_039], [@j_raon-2019-0040_ref_040] In addition, MR enterography (MRE) is one of the few imaging modalities that can provide an accurate evaluation of the small-bowel loops, as well as the whole abdominal cavity, without any radiation exposure and at reasonable healthcare costs. Owing to the undoubted advantages, it is realistic to look with a fresh eye at MRE, beyond the well-established role in the intestinal assessment of Crohn's disease (CD) patients. According to ENETS guidelines enteroclysis is beneficial to assess small bowel in patients with NET, in case of failure of CT scan in the localization ofthe primary tumour.[@j_raon-2019-0040_ref_018] Nowadays, thanks to the increasing use of 68Ga-DOTATOC-PET/CT the primary small bowel NET is more frequently detected.[@j_raon-2019-0040_ref_018]

![A 48 yrs old male with ileal net. CT during portal phase shows **(A**, coronal plane and **B** sagittal plane) desmoplastic reaction in the mesentery and lymphadenopathy (arrow); these features in T1-W post contrast study **(C** and **E** portal phase) show hypointense signal (arrow) and hypintense signal (arrow) in T2- W sequence **(D)** with restricted diffusion (arrow) in b800 s/mm^2^ **(F)** and hypointense signal in ADC **(G)** map.](raon-53-373-g005){#j_raon-2019-0040_fig_005}

The appendix is the site of GEP- NETs in about 20% of cases, and up to 70% of cases are discovered at appendectomy.[@j_raon-2019-0040_ref_041] These lesions are small and metastases to regional lymph nodes are uncommon, therefore, rarely detected on the basis of imaging findings.[@j_raon-2019-0040_ref_041]

Colorectal NET {#j_raon-2019-0040_s_001_s_005}
--------------

Neuroendocrine tumors of the colon are very rare. They involve more commonly the right colon and appear as large lesions (5 cm or more), already metastatic at the time of diagnosis.[@j_raon-2019-0040_ref_036] Rectal NEN are more common than colonic NEN, representing about 11% of all GEP-NET.[@j_raon-2019-0040_ref_036] They are usually small and generally from low to intermediate grade.[@j_raon-2019-0040_ref_019] Typically, rectal NET are single, sub-mucosal tumors, smaller than 1 cm. Metastases occur in tumors larger than 2 cm.[@j_raon-2019-0040_ref_022] EUS evaluates the depth of tumor invasion in the rectal wall and regional lymph nodes.[@j_raon-2019-0040_ref_042] MR examination is increasingly used to assess local tumor spread and nodes involvement, and to guide surgical management for lesion larger than 1 cm.[@j_raon-2019-0040_ref_019],[@j_raon-2019-0040_ref_043] For lesion larger than 2 cm or those with rectal wall invasion on EUS, the spread of disease should be assessed using CT. SRS is not routinely recommended in rectal NETs smaller than 2 cm without invasion of the muscularis propria.[@j_raon-2019-0040_ref_043]

Pancreatic NET {#j_raon-2019-0040_s_001_s_006}
--------------

PNETs are the second most common pancreatic cancer, exhibiting a heterogeneous spectrum of clinical symptoms and behaviors.[@j_raon-2019-0040_ref_044] Between 60% and 90% of p-NETs are non-functional and are generally diagnosed at more advanced stages.[@j_raon-2019-0040_ref_004] Imaging is fundamental during the work-up of these patients, for the detection of the primary tumor, its characterization and prognosis determination, for the local and distant assessment, as well as for the evaluation of treatment.[@j_raon-2019-0040_ref_044] Functioning PNETs are generally small (1--2 cm) and manifest as well-defined, hypervascular lesions, owing to their rich capillary network. Non-functioning tumors are larger in size (4 cm) at the time of detection, often well defined, encapsulated and show a heterogeneous enhancement. Rarely, they can be completely cystic, with a hypervascular rim in up to 90% of cases. Malignant tumors often show local invasion into the retroperitoneum and metastases (regional nodes and liver), and they can rarely involve the main pancreatic duct.[@j_raon-2019-0040_ref_022] According to ENETS guideline, PET/CT with 68Ga-labelled somatostatin analogs DOTA-TOC/TATE/NOC is now the method of choice to localize and stage the disease in non-insulinoma P-NETs patients.[@j_raon-2019-0040_ref_004] In addition, functional imaging plays a role in targeted therapy selection.[@j_raon-2019-0040_ref_022] In case of rapid tumor growth in earlier diagnosed G1-G2 tumors, 18-FDG-PET/CT may be considered for the assessement of tumor burden and prognosis.[@j_raon-2019-0040_ref_004] In a small percentage of patients with insulinomas (\<5--10%) all conventional imaging studies are negative. Receptor scintigraphy with radio-labelled Glucagon-like peptide-1 (GLP-1) receptor's analogues is a sensitive method to detect insulinomas as they frequently overexpresses this receptor.[@j_raon-2019-0040_ref_004] Unfortunately this method is not routinely available anywhere and it has been mainlyused in research applications. The preoperative imaging assessment of p-NET may establish the anatomical position of the lesion, its relation to the pancreatic duct and the main bile duct, as well as, encasement of the hepatic, splenic and mesenteric artery and vein and the portal vein. When MRI is performed, MR cholangiopancreatography should be included ([Figure 6](#j_raon-2019-0040_fig_006){ref-type="fig"}).[@j_raon-2019-0040_ref_045]

![A 29 yrs old female with p-Net of pancreatic tail. The lesion shows inhomogeneous signal with cystic component (arrow) on T2-W sequences **(A, B)**. MR cholangiopancreatography **(C)** sequence show its relation to the pancreatic duct and the main bile duct (arrow). The lesion shows restricted diffusion **(D, E, F)** and inhomogeneous contrast enhancement during arterial **(G, J)**, venus **(H, K)** and late **(I, L)** phase as in MR as in CT (arrow).](raon-53-373-g006){#j_raon-2019-0040_fig_006}

EUS is the most advantageous imaging technique to detect pNETs with a sensitivity mean of the 90% (range 77--100%). For insulinomas, the sensitivity is less (84%).[@j_raon-2019-0040_ref_004] Some researches showed that EUS improves sensitivity for the detection of small tumours and multiple lesions in MEN1 or VHL syndromes compared to CT or MRI.[@j_raon-2019-0040_ref_046],[@j_raon-2019-0040_ref_047] The primary aims of EUS are to guide a biopsy in order to obtain a tissue sample and also to guide the decision-making process between an enucleation and a Whipple's procedure.[@j_raon-2019-0040_ref_048]

CT is the first-line imaging modality employed in the evaluation of patients with suspected PNETs, allowing the study of the pancreas as well as the assessment of the disease extension. The study protocol should consist of a multiphase imaging, including unenhanced, arterial/pancreatic, venous and delayed phase. The late arterial (30 s) or pancreatic phase (40 s) is mandatory in order to increase the detection of small functioning PNET, in particular insulinoma. Moreover, it also increases the detection of hepatic metastases and assesses the encasement of the hepatic, splenic and mesenteric artery. The venous phase allows to assess the hepatic parenchyma and the encasement of mesenteric and portal vain. The delayed phase is complementary of the all other phases, allowing the detection of delayed enhancement presented by some fibrous tumors.[@j_raon-2019-0040_ref_044] PNETs are expected to be hypervascular, and benign tumours show a homogenous hypervascular pattern followed by early wash-out in the venous phase.[@j_raon-2019-0040_ref_049] Progression towards malignancy is associated with derangement in vessel architecture and function. Although these tumours remain hypervascular, their anarchic vasculature reflects into their less homogenous CEP; delayed contrast enhancement may be considered as a sign of malignancy in pNETs.[@j_raon-2019-0040_ref_050],[@j_raon-2019-0040_ref_051] Cappelli *et al*.[@j_raon-2019-0040_ref_049] showed that CEP might preoperatively suggest the behavior of pNETs. Even Takumi *et al*.[@j_raon-2019-0040_ref_052] assessed the relation between contrast-enhanced computed tomography features and tumour aggressiveness, showing that non-hyperattenuating P-NETs during the venous phase were suggestive of G2. In the quantitative analysis, tumor contrast enhancement and tumor-to-pancreas contrast during the venous phase were significantly higher in G1 than in G2 tumors.[@j_raon-2019-0040_ref_052] To improve the conspicuity of pancreatic tumor and reduce radiation dose, Marin *et al*.[@j_raon-2019-0040_ref_053] assessed the low-tube-voltage, high-tube-current CT technique, demonstrating that it improves the enhancement of the pancreas and peripancreatic vasculature, increasing tumor conspicuity and reducing patient's radiation dose. The use of dual energy CT (DECT) has potential clinical implications for pancreas imaging.[@j_raon-2019-0040_ref_054] However, there are limited data assessing the utility of DECT for other pancreatic masses excluding adenocarcinomas.[@j_raon-2019-0040_ref_055] Potential benefits include the evaluation of enhancement in neuroendocrine tumours. DECT has shown a higher sensitivity for the detection of pancreatic insulinomas compared to conventional CT (95.7 *vs*. 68.8%).[@j_raon-2019-0040_ref_056]

MRI shows higher diagnostic accuracy than CT. For MRI the sensitivity is 93% (range 85--100%) and specificity 88% (range 75--100%).[@j_raon-2019-0040_ref_057] In a recent study, the sensitivity of MRI was similar to that of EUS 95%.[@j_raon-2019-0040_ref_058] The advantages of MRI over CT are:the lack of ionizing radiation and the utilization of gadolinium chelate contrast agents, which have a better safety profile in terms of allergic reactions. Moreover, MRI provides functional data extracted by DWI to evaluate the distribution of water molecules in the interstial space and the blood motion in the capillaries.[@j_raon-2019-0040_ref_059] MR imaging protocol should include: T1-Weigthed (T1-W) and T2-Weigthed (T2-W) sequences, dynamic three-dimensional (3D) sequences before and after cm multi arterial, venous and delayed (\> 5 min) acquisitions, DWI and cholangiopancreatic sequences.[@j_raon-2019-0040_ref_044],[@j_raon-2019-0040_ref_058] DWI increases the sensitivity for detection of the lesion as well as of the liver metastases. The Apparent Diffusion Coefficient (ADC) value has been recently identified as biomarker of tumor aggressiveness related to the histological grade of PNET: low ADC is a strong predictor of high tumor grade.[@j_raon-2019-0040_ref_044],[@j_raon-2019-0040_ref_058] MR cholangiopancreatography, assessing the involvement of the biliary and pancreatic ducts, is useful in the surgical planning and should always precede resection of a pancreatic NET.[@j_raon-2019-0040_ref_058] Hypervascular tumors (typically insulinomas) are often better depicted in T2W with fat suppression sequences, whereas hypovascular tumors are better depicted in T1-W sequences during the arterial phase.[@j_raon-2019-0040_ref_022] Wang *et al*. assessed an inverse correlation between tumor's Ki-67 index on pathology and ADC values, supporting the role of DWI in predicting tumor biology.[@j_raon-2019-0040_ref_060] DCE-MRI should be used to assess microvascular structures.[@j_raon-2019-0040_ref_061],[@j_raon-2019-0040_ref_062] The DCE-MRI can be assessed semi-quantitatively or quantitatively. Bol *et al*.[@j_raon-2019-0040_ref_063] evaluated the role of DCE-MRI to assess the therapy in a murine model, showing that DCE-MRI-derived parameters predict peptide uptake better than the "contrast amount-related" parameters. Consequently, DCE-MRI elucidates the correlation between vascular characteristics, peptide delivery and therapy efficacy, and may predict targeting efficiency.[@j_raon-2019-0040_ref_063] Huh *et al*.[@j_raon-2019-0040_ref_064] tested, in a clinical study, DCE-MRI for pancreatic lesions, showing that between pancreatic adenocarcinomas and neuroendocrine tumours, there were significant differences in the Ktrans (0.073 ± 0.058 *vs*. 0.308 ± 0.062, respectively; p = 0.007) that represent the contrast rate between the vascular space and the extracellular extravascular space and initial area under time intesitu curve (iAUC) (1.501 ± 0.828 *vs*. 3.378 ± 0.378, respectively; p = 0.045).[@j_raon-2019-0040_ref_064] Furthermore, the quantitative values of Ktrans and the contrast rate between the extracellular extravascular space and the vascular space (kep), are helpful for differentiating G2 NET from G1 ones.[@j_raon-2019-0040_ref_065]

Recently, the term of "Radiomics" has been introduced to define a mathematical process to extract innumerable quantitative features from medical images (including each diagnostic technique) with high-throughput computing for diagnosis and prediction.[@j_raon-2019-0040_ref_066] Compared to traditional visual interpretation of medical images, the deep mining of medical images by computer technology from radiomics makes features uptake more efficient, relatively objective and rich in features types. Radiomics is promising for tumor screening, early diagnosis, accurate grading and staging, treatment and prognosis, molecular characteristics and so on.[@j_raon-2019-0040_ref_066],[@j_raon-2019-0040_ref_067] De Robertis *et al*. assessed MRI derived whole-tumour histogram analysis parameters in predicting pNEN grade and aggressiveness.[@j_raon-2019-0040_ref_068] They showed that whole-tumour histogram analysis of ADC maps might be helpful in predicting tumour grade, vascular involvement, nodal and liver metastases in panNENs. ADC~entropy~ and ADC~kurtosis~ are the most accurate parameters for identification of panNENs with malignant behaviour.[@j_raon-2019-0040_ref_068]

According to ENETs Consensus Guidelines, CEUS is the suggested technique for the diagnosis of neuroendocrine neoplasms.[@j_raon-2019-0040_ref_004] Although CEUS is not indicated for the detection of focal solid or cystic pancreatic lesions, it improves the characterization of nodules detected on US.[@j_raon-2019-0040_ref_069] So that,according to recommendation 26 of EFSUMB Guidelines, CEUS can be used to distinguish between pancreatic ductal adenocarcinomas and neuroendocrine tumors ([Figure 1](#j_raon-2019-0040_fig_001){ref-type="fig"}).[@j_raon-2019-0040_ref_069]

Liver involvement {#j_raon-2019-0040_s_001_s_007}
-----------------

### Primary hepatic NET {#j_raon-2019-0040_s_001_s_007_s_001}

Primary hepatic NETS (PHNETs) are extremely rare. When a NET is detected in the liver, great care must be taken to exclude metastasis from an extrahepatic unknown site.[@j_raon-2019-0040_ref_070] The clinical features and treatment outcomes of PHNETs are still unclear.[@j_raon-2019-0040_ref_070] This tumour occurrs in middle-aged patients and it is more common in women.[@j_raon-2019-0040_ref_071], [@j_raon-2019-0040_ref_072], [@j_raon-2019-0040_ref_073] More than 80% of the NETs found in the liver are metastatic and fewer than 150 cases of PHNET have been reported in the literature.[@j_raon-2019-0040_ref_074] Even rarer is the biliary tree involvement ([Figure 7](#j_raon-2019-0040_fig_007){ref-type="fig"}).[@j_raon-2019-0040_ref_074], [@j_raon-2019-0040_ref_075], [@j_raon-2019-0040_ref_076] The radiologic findings of PHNETs have not been well defined, but the cases reported show that the lesions are typically solid with necrotic components.[@j_raon-2019-0040_ref_071] The cross-sectional imaging features usually consist of a solitary hepatic mass with a diameter of up to 25 cm ([Figure 8](#j_raon-2019-0040_fig_008){ref-type="fig"}). The lesion may be solid (60% of cases), partially solid with cystic areas (25% of cases), or mainly cystic and may demonstrate peripheral enhancement after the administration of an iodinated CM. PHNETs have low signal intensity on T1-W and high signal intensity on T2-W and their enhancement characteristics at MR imaging are similar to those at contrast-enhanced CT.[@j_raon-2019-0040_ref_070]

![A 58 yrs old male wih primitive NET of biliary tree. The lesion shows hypointense signal (arrow) during portal phase of contrast study **(A, B)**, hyperintense signal (arrow) on T2-W sequences **(C, D)** and restricted diffusion (arrow) on DW sequences **(E, F)**.](raon-53-373-g007){#j_raon-2019-0040_fig_007}

![A 63 yrs old male with solitary liver lesion. The nodule is detected (arrow) by 68Ga-DOTATOC-PET/CT **(A, B)**, showing hyperintense signal (arrow) in T2-W sequences **(C, D)**. The lesion shows hypervascular appearance (arrow) during arterial phase **(E)** and "target" appearance (arrow) during portal phase **(F)** of contrast study, with restricted diffusion **(G, H)**. In **(I)** it is shown speciemen.](raon-53-373-g008){#j_raon-2019-0040_fig_008}

### Liver metastases {#j_raon-2019-0040_s_001_s_007_s_002}

Approximately 30--80% of GEP-NET will develop synchronous or metachronous liver metastases (NELM).[@j_raon-2019-0040_ref_077] NELM is the most important prognostic factor of GEP-NETs, in fact liver failure is the most common cause of death, followed by bowel obstruction and ischemia, with 5-year overall survival rates are around 50% for those with liver involvement, compared to 70--80% for those without it.[@j_raon-2019-0040_ref_077] Surgery is the most effective approach for the majority of well-differentiated NELM. Due to frequently bilobar and multifocal manifestation of NELM, not more than 20--30% of patients may be candidates for resection with curative intent ([Figure 9](#j_raon-2019-0040_fig_009){ref-type="fig"}). Liver transplantation is a therapeutic option in selected patients with unresectable metastases. Moreover, ablative therapies, in addition to surgical resection, can offer improved survival and quality of life at 5 years as compared with patients who do not undergo surgery (70%--90% *vs*. 50%).[@j_raon-2019-0040_ref_078] In this scenario, it is therefore important to identify the exact number, anatomical side and size of NELM, their proximity to vascular and biliary structures, and the volume of the future liver remnant.[@j_raon-2019-0040_ref_077], [@j_raon-2019-0040_ref_078] According to Ronot *et al*. MRI is the most accurate imaging modality for NELM detection and characterization. DWI is more sensitive in detecting NELM than T2-W while dynamic gadolinium-enhanced MR sequences should be systematically performed. Gadoxetic acid-enhanced MRI ismore sensitive for detecting liver metastases than conventional MR sequences.[@j_raon-2019-0040_ref_077] Flechsig *et al*. assessed the role of MRI in NELM compared to CT and [@j_raon-2019-0040_ref_068]Ga-DOTATOC PET, showing that contrast-enhanced (CE) MRI using Gd-EOB-DTPA in combination with DWI was superior to non-contrast MR-sequences and arterial- and portal-venous phase CT in lesion conspicuity, likewise CE-MRI

![A 46 yrs old female with p-Net and bilobar liver metastases. The metastases show hyperintense signal (arrow) in T2-W sequences (**A, B ,C)**, restricted diffusion (arrow) in DW sequences **(D, E, F)**, hypervascular appearance (arrow) during arterial phase of contrast study **(G, H, I)** and hyperintense signal (arrow) during portal phase of contrast study **(J, K, L)**.](raon-53-373-g009){#j_raon-2019-0040_fig_009}

was superior to all other modalities concerning detectability of lesions.[@j_raon-2019-0040_ref_078] Therefore, the researchers think that in the future PET/MR might replace the current standards of PET/CT or octeriotide scintigraphy/SPECT in liver metastasis detection of GEP-NET patients.[@j_raon-2019-0040_ref_078] Up to the present, the best modality to detect vascular and biliary invasion is still unclear ([Figure 10](#j_raon-2019-0040_fig_010){ref-type="fig"}). CT and MRI should be considered the best imaging modalities in preoperatively detecting of vascular and biliary invasion.[@j_raon-2019-0040_ref_077] According to Granata *et al*., in the work-up of patients with liver colorectal metastases, the different phases should be considered by the radiologist; the same should be evaluated in the work-up of NELM.[@j_raon-2019-0040_ref_026] In particular, in the preoperative setting, the radiologist should assess the functionality of the future liver remnant[@j_raon-2019-0040_ref_026]; MRI with EOB may be a promising tool to assess this parameter, in order to avoid hepatic failure post surgery or ablative therapies.[@j_raon-2019-0040_ref_026]

![Man 51 y with p-Net and peribiliary metastasis. The lesion is hyperintense (arrow) in T2-W sequences **(A, C, E)** with progressive contrast enhancement (arrow) during contrast study **(B, D, F)** both in MR and in CT.](raon-53-373-g010){#j_raon-2019-0040_fig_010}

Treatment and follow-up {#j_raon-2019-0040_s_001_s_008}
-----------------------

The aim of treatment should be curative when possible. The extention of the tumour, its metastases, histological grade and functional profile should be assessed before planning treatment. In fact, the choice of the therapy is related to symptoms, stage of disease, degree of uptake of radionuclide and histological features of NEN.[@j_raon-2019-0040_ref_021]

According to ENETS guidelines, surgery with curative intent and/or locoregional or ablative therapies should be considered at initial diagnosis and during the course of disease as an alternative approach to systemic therapies. Debulking surgery is indicated in patients with functional lesion with predominant liver disease for syndrome control. Liver transplantation is indicated in highly selected patients, with functional syndromes demonstrating early resistance to medical therapy. SSA, octreotide and lanreotide, are effective drugs for syndrome control in functional NET. SSA is recommended as a first-line therapy in midgut NET and can be considered in pancreatic NET as a first-line therapy (up to a Ki-67 of 10%). IFN-alpha is an established and approved therapy for syndrome control, and primarily used as second-line therapy in refractory carcinoid syndrome or functional pancreatic NET. Everolimus and sunitinib are approved antiproliferative therapies in progressive pancreatic NET, and they are one of the different options next to SSA and systemic chemotherapy. In G3 NEC, platinum-based chemotherapy is recommended as a first-line therapy. PRRT is recommended after failure of medical therapy.[@j_raon-2019-0040_ref_004] There is no consensus on the optimal follow-up for completely resected gastroenteropancreatic neuroendocrine tumors. Published guidelines for follow-up are complex and emphasize closer surveillance in the first 3 years after resection. Neuroendocrine tumors have a different pattern and timescale of recurrence, and thus require more practical and tailored follow-up.[@j_raon-2019-0040_ref_080],[@j_raon-2019-0040_ref_081] According to ENETS guidelines, in the follow-up of patients the pathological grade should be considered; for Grade1:US, CT, or MRI at 6 and 12 month (mo), then yearly or longer; octreoscan (or gallium-68--based PET) at baseline and every 2 y. Grade 2-3: US, CT, or MRI every 3 mo indefinitely; octreoscan (or gallium-68--based PET) at 3 mo and yearly.[@j_raon-2019-0040_ref_080],[@j_raon-2019-0040_ref_081] Anyway, follow-up for NETs requires a multidisciplinary approach. CT or MR imaging plays a central role in longterm assessment after surgery. The follow-up protocol includes imaging studies every 6 months for the 1st year and then at yearly intervals if negative. The follow-up interval is shorter (3 months) for intermediate- and high-grade NETs and in patients undergoing chemotherapy or biologic therapies.[@j_raon-2019-0040_ref_021] During follow-up, CT is the standard imaging method, to detect recurrent disease after surgery and locally ablative procedures, and to monitor systemic therapy. In young patients, MRI is generally preferred to CT.[@j_raon-2019-0040_ref_045] RECIST (Response Evaluation Criteria In Solid Tumours) are utilized for therapy monitoring in general oncology and rely on morphological imaging to measure the longest diameter of a set of chosen target lesions.[@j_raon-2019-0040_ref_082] The currently used criteria (RECIST 1.1) state that a maximum of two lesions per organ and five in total should be measured.[@j_raon-2019-0040_ref_082] Some issues still remain in the application of RECIST to monitor NETs' therapy due to the fact that tumours have generally slow-growth, can have cystic components and that the various available therapies, especially the new targeted agents, such as everolimus and sunitinib, generally do not result in tumour shrinkage but rather in stabilization of the disease. RECIST is, therefore, less suited for therapy monitoring of NETs than the one of other cancers.[@j_raon-2019-0040_ref_045] Therefore, the radiologists should be aware of patients therapy in order to evaluate the real efficacy of the treatment. They should consider that the common and expected imaging response pattern of metastatic GEP-NETs to somatostatin analogues is a stable disease with no changes in tumor size. The typical imaging response pattern to targeted agents (Sunitinib and everolimus) is a decrease in tumor attenuation and enhancement and a stable to mild decrease in tumor size. Sometimes tumors have decreased density suggestive of response to treatment but show an increased size, which may lead to a misinterpretation of tumor progression according to size criteria ([Figure 11](#j_raon-2019-0040_fig_011){ref-type="fig"}). Sometimes target therapies cause intratumoral hemorrhage, which can result in an increase of density with a variable size change. If tumor size and density are increased by hemorrhage, an accurate interpretation of treatment response is difficult and may be confused with progression, even when new criteria, such as the Choi criteria and mRECIST, are used.[@j_raon-2019-0040_ref_083]

![Nodule in nodule appearance (arrow) during follow-up of p-NET, indicating progressive disease.](raon-53-373-g011){#j_raon-2019-0040_fig_011}

Conclusions {#j_raon-2019-0040_s_002}
===========

NETs are a considerable diagnostic challenge since their clinical presentation is protean, nonspecific and usually late, often when hepatic metastases are already evident. An effective diagnosis requires a multimodal approach that combines evaluation of clinical symptoms, hormone levels, radiological and nuclear imaging, and histological confirmation.

The radiologists are important members of the multidisciplinary NET team both in the assessment of tumor staging and in the treatment follow up. In diagnostic work-up of NETs two critical issues are present: firstly the need to identify tumor presence and secondly to define the primary site and to assess regional and distant metastases. The most appropriate imaging technique depends on the type of neuroendocrine tumour.

The role of somatostatin receptor-based ^68^Ga-PET--CT imaging is well established and is recommended for diagnosis and follow-up of NETs. MRI of the liver with hepatocyte-specific contrast media and DWI areused to detect liver metastases with high sensitivity. MRI of the liver is highly recommended before any liver surgery and for monitoring liver metastases. Enteroclysis-CT or MR is mandatory to assess small bowel in patients with NET. PET/CT with 68Ga-labelled somatostatin analogs DOTA-TOC/TATE/NOC is the method of choice to fully stage and localize the extent of disease in patients with non-insulinoma P-NETs. The preoperative imaging assessment of p-NET needs to establish the anatomical position of the lesion, its relation to the pancreatic duct and the main bile duct, as well as the encasement of the hepatic, splenic and mesenteric artery and vein and the portal vein. The treatment follow-up requires a multidisciplinary approach, including biochemical (chromogranin A, hormones, vasoactive amines), radiologic, and histologic investigations and an important role is assumed by radiologist. CT or MR imaging plays a central role in long-term assessment after surgery. RECIST is less suited for therapy monitoring of NETs than of other cancers.
